Introduction
Precision agriculture (P A) is concerned with understanding variability and managing it. Precision agriculture is made possible by the merging of several old and newer technologies, which are listed below:
-soil maps and supporting databases -digital soil maps and supporting databases -ortho imagery -digital elevation models (DEM) -topographic maps -geographic information systems (GIS) -global positioning systems (GPS) -yield monitors -variable rate applicators -remote sensing ---imagery (black and white, color, infrared etc. airplane & satellite)
---electromagnetic induction meters (EM)
Operators may be involved in only one or all of these technologies and still considered to be involved in P A The ultimate goal is to improve the management of agricultural land. To achieve this goal means that we need to generate data on soils, crops, pests, weather, etc. that will help in determining the best management practices for a field. Keep in mind that the technologies are only tools to aid our understanding,analyses, and conservation of sustainable agricultural ecosystems. The adoption of these technologies is increasing rapidly, especially in the mid-west.
Management Zones
As P A has developed, there has been a trend toward increasing intensity of sampling and observation. This trend is due in large part to the amount of variability present in a field due to past management practices and the inherent variability of soils and landscapes. This variability is often expressed in yield data. Use of yield monitors and GPS units allow operators to collect yield data on a second by second basis from known locations. Acquisition of these types of data raises many questions as to the cause of the variability in yields. Assuming uniform weather in a field, causes of variation can be subdivided into those causes related to the characteristics of the soils and landscapes and those causes related to management. A common term now used to attempt to identifY zones that require similar management is the concept of management zones. Soil maps of the National Cooperative Soil Survey in the past have generally been made at a scale of 1:15840 but presently are made at a scale of 1:12000. Most yield data collected within a field will show a range in yields within a soil map unit. This trend does not mean that the soil map is not correct. These maps are accurate for the conditions under which they were made, but they do not provide soil data on a second by second basis such as that collected by yield monitors. It would be helpful to have technology that would provide soil information in more detail that could be applied to P A Therefore, if a goal of Precision Agriculture is to account for yield variability on a second by second basis, soil observations should also be more intensive than those used in routine soil mapping to develop more uniform management zones.
EM Technology
It seems clear that a knowledge of soils, soil properties, and how they vary on the landscape are a very important component of precision agriculture. In Iowa, water holding capacities of soils and the weather throughout the growing season including both temperature and precipitation are important facors in affecting yield. Therefore the inherent properties of soil that contribute to variation in water holding capacity and plant available water can have significant effects on yield.
We have looked at a number of remote sensing techniques for studying soils but the one that appears to have the most potential in recognizing and quantifYing soil variability in the Mid-West is the use of spatial electrical conductivity (EM) data. We investigated ground-penetrating radar (GPR) but it did not work well for Iowa soil conditions. Doolittle and Collins (1998) compared EM and GPR and concluded that the methods do not work equally well in all soils. A major factor is the electrical properties of the soils. Iowa soils are dominated by 2: I expanding type clay minerals with high dielectric constants.
How it works
Electrical conductivy data in the mid-west have largely been obtained through the use of either the Geonics EM-38 or the Veris 3100 Soil EC Mapping System. My experience has been primarily with the EM-38 so this paper will be based on my experience with that system. However, we have compared data from both systems and they yield similar spatial patterns. Both systems use a GPS to identify the location of the EM values obtained.
The EM-38 generates an alternating electric current that is passed through a transmitter coil. This alternating current generates an electromagnetic field that in turn induces small currents in the soil. These currents generate a secondary electromagnetic field and a receiving coil senses both the primary and secondary electromagnetic fields. The contribution of the primary electromagnetic field is a known quantity and is removed from the total field, and thus allows measurement of the remaining field.
The EM-38 can be operated in one of two modes-vertical dipole mode or horizontal dipole mode. The dipole orientation determines the depth of penetration with the vertical orientation penetrating to depths of about twice of the horizontal orientation. The effective depth for the vertical orientation is about 1.5m and for the horizontal the depth is .75m. Properties of the soil that have a major influence on EM-38 readings are soluble salts (carbonates), clay content and type, soil water content, and soil temperature (McNeill, 1980) 
Application and results in Iowa
Most of the data that we have was obtained from the Des Moines Lobe in the CNW soil asssociation area. In Iowa there are twenty-one principal soil association areas. Within each soil association areas generalizations can be made about soil-landscape-vegetation relationships. Figure 1 shows the relationships we expect to find in the Clarion-Nicollet-Webster Soil Association Area located in North-Central Iowa. The numbers in the bottom line below each schematic soil profile are used for statistical analyses involving natural soil drainage class. For example 30 is used to code well drained soils and 60 to code poorly drained soil. Thus, drainage classes can be included in regression analysis or other types of analyses.
The reason for stressing drainage class as a variable is shown in Figure 2 . When soils were at or near field capacity, the EM values (vertical orientation) were closely related to the dominant soil catena in the CNW soil association area. We have found that variations in moisture content results in varying EM values for the same location over the course of a growing season. Evapotranspiration can be a major factor in interpreting EM surveys over the course of the growing season. Comparison of data from the same sites during 2000 show the following readings at the same sites-the first taken in June, 2000 and the latter in October, 2000. Clarion--21.9-15.3; Nicollet-32.9-19; Knoke-58.9-36.3; Canisteo-57.4-34.5. Knoke and Canisteo are not shown in Figure 1 . However, Knoke and Canisteo are similar to Okoboji and Webster, respectively, but are calcareous at or near the surface. Note that the well drained soil changed the least and the poorly and very poorly drained calcareous soils change was the greatest. However, the trend in readings remains the same. Clarion soils in the same field have lower readings than Nicollet and this trend continues in the same order as that shown in Figure 1 . We expect the well drained soils in this soil association area to have the lowest readings at a given time under the same land use and also expect the other soils to follow the relative trends as shown in Figure 2 . However, there is not an absolute number for an individual soil because the readings are highly influenced by moisture content of the profile.
It appears that the EM has great potential as a tool in identifying sets of soil properties and in showing the spatial distribution of these properties. The readings are highly correlated with natural drainage class but vary over the growing season as a result of changes in soil moisture content. However, the relative ratings among the soils in the same field are maintained. Thus, the EM data can be used to help define contrasting areas within soil delineations and should be of value in defining soil management zones within fields.
Analysis Of Sampling Protocols
A study from Purdue University published in September of 1997, concluded that the first on-farm economic analyses of site-specific farming based on data collected from 1993 to 1995 found that the use of the new technologies did not increase profits. However, the study examined only phosphorus and potassium use on com, soybeans and wheat, and compared traditional whole field management with two types of site-specific management-grid sampling (3-acre grids) and soil type sampling. Other than fertilizer applications, all other farming practices on the test fields were the same. They reported returns of $147 for whole-field management, $137 for grid sampling, and $148 for soil type sampling. They concluded that using site specific management for just P and K doesn't change returns much. They did conclude that use of the site-specific management appeared to reduce a farmer's risk of having a poor crop. However, there were significant differences in the variability of the types of management.
Whole field returns varied from $35 to $312 per acre or a spread of$277. Grid type management produced returns ranging from $65 to $275 per acre or a spread of$210. Soil type management produced returns ranging from$ 57 to $238 or a spread of$181 .
They concluded that with site specific management the number of acres that produce lower yields are reduced so there is less risk and thus one potential advantage of site specific management is as a risk management device. They also state that if the site-specific technology is also used for herbicide rates, lime application and nitrogen application, in addition to P and K applications, the technology costs are spread over more inputs, so then it could become a profitable system. They also concluded that soiltype site specific farming has an advantage over grid-sampling fields. Soil-type management shows slightly higher economic returns and it appears to have a benefit in risk management returns as well. They conclude the report by saying that in the end, fertilizer application may become a sideshow to these other uses, but there is no doubt that some part of this is going to become standard practice.
Yield Variability And Contributions Of Soils To Variability
There are many causes of yield variability but many of them are related to soil and landscape variability. Soil scientists group soil variability into two broad categories, systematic and random. Systematic variability is scale dependent as is some of the random variability. More closely spaced sampling points within areas thought to be randomly variable may indeed have a systematic pattern. Soil productivity is defined as the capacity of a soil to produce a certain yield of crops or other plants with a specified system of management.
There are many other factors that contnbute to soil productivity in addition to fertility. These other factors include soil physical characteristics, soil water, climate, plant genetics, insects, and diseases. It also follows that variations in soil properties are related to variations in productivity. Some of the important soil properties are texture, structure, aggregate stability, porosity, water-holding capacity, bulk density, natural drainage, soil temperature, soil color, soil depth, pH, cation exchange capacity, organic matter content, and microbial activity. However, it is important to understand the factors that contribute to variability in yields as related to soils.
We expect variability to be less in soils formed from loess than those formed in glacial till. The mode of deposition of the soil parent material is important in predicting variability. The expected variability of major parent materials in Iowa is: loess<till<alluvium<residuum.
Variability in particle size is in part related to the variation in the parent material. For example loess is a wind-blown deposit and the properties of loess are directly related to the distance from the source area. Till stratigraphy is often more complex. The Cary-aged Des Moines Lobe till is classified as the Dows formation. Two of the four members are present in Boone County-the Morgan Member and the Alden Member. The Morgan Member consists of superglacial deposits and the Alden Member is basal till. The Morgan Member has higher sand content and occurs at higher elevations. Differences in soil texture are a major factor in yield variation in these areas. It has a large influence on the amount of plant-available water. The variability in texture is predictable based on a knowledge of the till stratigraphy and the relationship of soil properties to productivity.
Soil Map Units
Soil maps show the distribution of different kinds of soils on the landscape through the use of map units. A map unit is a collection of delineations or polygons that have, within certain limits, similar composition. However, the composition of map units is scale dependent and most delineations contain other soils than those identified in the map unit name. (Fenton and Lauterbach, 1999 One of the first steps in understanding the soils and landscapes of an area should be an examination of the natural resource data available, soil maps and topographic maps. Precision agriculture is about understanding and managing variability. Keep in mind that scale is a problem in understanding variability. Soil maps made at a scale of four inches per mile generally will not explain all the variability of the data gathered by a yield monitor collecting data on a second by second basis even after the problems associated with interpreting the yield monitor data have been resolved. Therefore, more detailed soil observations or remote sensing methods such as electrical conductivity, may be required if more information is required. Low level aerial imagery may also show contrasting areas that relate to soil differences and should be studied and entered into the database. Weather data, past management including land use, tillage systems, fertilization, liming, manure application, tiling, land leveling, etc. are also important factors that can contribute to variability and are important components of a database to aid in interpretation and decision-making for a given field. 
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